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Abstract 
The present paper deals with intermodal integration as a measure to embrace new transit modes into current public transport 
systems. The contents are divided into a theoretical re-view and the development of the case study in Thessaloniki, Greece. The 
former includes a definition of integration and the determination of its several levels: operational (composed of layout, schedule, 
and information, fare and ticket integration), physical, and organizational. Throughout the second part, the case study of 
Thessaloniki is developed, where the construction of a new metro system will transform the current bus-only system into a 
bimodal transit network. The future operation of the two modes and their multiple lines by different agencies calls for an 
integration strategy to ensure coordination and cooperation of all involved parties. As the metro system is currently under 
construction, the first step is ensuring layout integration. Therefore, the current transit offer is analyzed, and deficiencies 
regarding layout integration are identified. Finally, the detailed design of a new bus system is proposed in order to establish a 
new network plan with clear roles and structured hierarchy. The new layout consists of a three-leveled network with specific 
functions and performance characteristics for each level, ensuring good connectivity and coordination between the modes and 
lines.  
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1. Introduction 
 “Transportation is often referred to as the “lifeblood of cities” because it provides the essential link among 
activities and, in the long run, to a large extent, it helps shape the city” (Vuchic, 1999). To promote sustainable and 
livable urban environments, private, public and non-motorized transport must functionally complement each other 
by forming balanced intermodal systems. However, in many cities today, transportation is characterized by the 
dominance of the car and high auto-dependency in travel. As long as there is infrastructure available (road and 
parking), the car offers freedom of travel, as often conceived in popular culture. Nevertheless, this has come to be 
misleading, as the levels of freedom for these trips have been significantly reduced, due the high negative side-
effects it is accompanied with, resulting in a more virtual rather than essential freedom. Therefore, it is necessary to 
find measures that improve the transportation systems and move from an individual to a social equilibrium. Car 
disincentives and transit incentives, the so-called “Push and Pull measures” are a set of strategies that aim to find the 
optimum role for all modes and result in a balanced modal split minimizing negative side effects and increasing 
efficiency and performance.  
 
Fig.1. Push and pull strategies for more efficient mobility: (Topp, 1995). 
The “push” measures entail dissuading travelers from excessive car use through physical, regulatory and pricing 
policies; (re)designing streets, restricting traffic, charging for driving or parking are such measures. The second part 
of the approach consists of the “pull” measures that aim to “attract users to public and non-motorized transport by 
providing a safe and efficient public transport system, favorable conditions for walking and bicycling, and 
pedestrianizing or rendering “car-free” sections of the city center” (ECMT, 1996).  
The current paper focuses on Transit Integration, a “pull” measure applied to enhance the attractivity and 
improve the quality of the transit system. Through intermodal integration, the passengers perceive the transit system 
as one, unified, rather than fragmented, and the offered services as “seamless” journeys with minimum interruption, 
independently of the number of modes or operators involved. It aims to unify the disperse services and promote 
public transport as one strong alternative instead of several weak ones. According to Nielsen et.al (2005), the main 
objectives of the transit integration are supporting social policy by securing transport services for captive riders, 
providing efficient transport by relieving car traffic congestion, or contributing to a sustainable city by promoting 
environmentally friendly and human-oriented transportation. It is a short-term incentive mainly implemented in 
combination with long-term incentives, such as the construction of new transit infrastructure, but it is also applied 
for improving a current transit system that does not undertake any physical changes.  
2. Transit integration 
While operators serve key origins and destinations, it is too costly for them to provide direct service between all 
points, and some interchange is inevitable (Rivasplata, 2003). To minimize the interruption of the interchanges, 
intermodal integration aims to coordinate and promote smooth, convenient services of high quality. According to 
Vuchic (1999), it is paramount in increasing the quality of transit services and attracting ridership. It is required 
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when multiple transfers and the coexistence of more than one mode and/ or  operator lead to the necessity of 
coordination, cooperation and interaction among them to ensure the image of one unified system without confusing 
the potential users or allowing them to notice the interruption in the offered services. To define transit integration, it 
is necessary to separate it into its three levels: organizational, operational and physical integration must be achieved.  
Table 1. The 3 levels of transit intermodal integration (own work) 
Organizational Integration Operational Integration Physical integration 
Arrangements between 
operators 
Network layout 
 
Access to facilities 
Existence of an independent 
authority for the 
coordination of functions 
and cooperation of operators 
Schedules Location of facilities 
 Transfers Design of stations 
 Information Control of vehicle 
movements 
 Fares  
 Tickets  
2.1. Organizational integration 
One of the conditions necessary for the development of a well-integrated public transport system is that an 
autonomous, metropolitan authority be given the power to introduce a set of through-service standards (C.Nash, 
1988). To remove the barriers among modes and services provided by different agencies, cooperation must be 
ensured through an impartial umbrella authority unifying several functions, responsibilities and jurisdictions of the 
involved operators at several levels.  
Originating in Hamburg, Germany in the mid-1960s with the establishment of the HVV (Hamburger 
Verkehrsverbund) as a reaction to the declining role of transit in the city’s modal split, the concept of an integrated 
organization still serves as a public authority that fully coordinates transit services in the region while preserving the 
individual entities of the component companies, which are the ones actually responsible for supplying the services 
(Pucher & Kurth, 1996).  
Organizational integration describes the special arrangements and contracts between the stakeholders ensuring 
their interest and commitment to the system’s performance. According to Rivasplata (2008), after setting clear 
objectives for the intermodal transportation system, the established authority must balance the commercial interests 
of the operators with the needs and expectations of public transport passengers. Also in this regard several degrees 
of integration may be achieved. “Tariff organizations”, dealing with contracts for joint fares and revenue distribution 
are the most basic level. Further, “transit communities” also work on route and schedule coordination and 
sometimes even sharing rolling-stock. Finally, “transit federations” allow for full integration of all services and 
agencies on governing, resourcing, planning, managing, coordinating and promoting the system as one body. 
2.2. Operational integration 
Operational integration refers to the coordination and planning of the transit system with minimum interruption in 
space and time in order to promote smooth, continuous and seamless services. It consists of an integrated network 
layout, synchronized schedules between different modes and routes, smooth transfers, integrated information about 
all services, common throughout fares and convenient ticketing system. According to Richards, interchanges are 
what travelers like least about public transport (Yiu Kwok Kin, 2005).  
Layout integration refers to the planning of the network without spatial discontinuities so that all routes, lines and 
modes are connected and coordinated in the most efficient way, allowing for convenient interchanges. A clear 
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hierarchy and structure of the system are required in combination to defined roles for each mode. Hierarchy 
promotes services that are easily remembered, uncomplicated, with direct routes when possible, and an efficient 
coverage in reliance to the area’s travel patterns.  The network structure must ensure that all modes complement 
each other fulfilling certain goals and objectives.  
Once the network  has been harmonized, the optimization of the system’s operation requires the integration of 
schedules: the coordination and synchronization of arrival and departure times of the involved lines and modes in 
order to reduce waiting, dwell, transfer and total travelling times. “Line in the main public travel network should not 
only be a line on the map; it must provide a significant travel service” (Nielsen & Lange, 2008). With synchronized 
timetables of different modes or lines, transfers can speed up and become more attractive, while this can extend the 
part of the network that offers high frequency “forget-the-timetable” services (Nielsen & et.al., 2005). 
The traditional view of transit integration is that travelers perceive transfers as negative experiences due to the 
time, cost and uncertainty involved (S.Kingham & et.al., 2001). Transfer integration is a particular combination of 
network, schedule, and physical integration, applied carefully for transfer points and intermodal stations. It aims at 
ease and comfort through station design, convenient walking paths, station amenities, schedule coordination, and 
reduction in waiting, walking and dwell time.  
Another key issue in developing workable and attractive not only intermodal but also intramodal transit is the 
need for integrated, real-time door-to-door information system (Institut für Landes- und Stadtentwicklungsforschung 
und Bauwesen des Landes Nordrhein-Westfalen et al, 2004). All necessary information about the entire transit 
system must be provided, independently of mode used and operator responsible for the service. “The way in which 
the network is presented to the public can significantly affect the effectiveness of the public transport system. At the 
extreme, if passengers are not told about interchange opportunities, they will not plan their journeys to make use of 
them.” (Nielsen & et.al., 2005). According to Pucher and Kurth, the majority of the transit federations have made 
considerable investments in improving information for passengers (Pucher & Kurth, 1996). 
One further benefit of transit federations is that they provide a broad range of convenient and highly attractive 
tickets that increase convenience by eliminating the need to purchase a ticket for each trip. Ticket and fare 
integration establish a common system for the involved operators and contribute to the improvement of transfer 
convenience allowing passengers to travel between lines and/or modes by purchasing a ticket for the entire service 
only once. Tickets and fares can be restricted for a certain valid period of time, and they may refer to specific trip 
purposes and traveler-groups. Fare integration has an impact on both riders and operators; by introducing a common 
fare system, competition between operators can be avoided and the collected revenue can be distributed according to 
the signed agreements. 
2.3. Physical integration 
According to M. Miller (2004), physical or infrastructure integration relates to physical changes such as 
integration of new routes and establishment of interchange or transfer points. It refers to the planning of stops, 
stations and transfer centers, their location and facilities, as well as their design. It also embraces the coordination of 
vehicle movements for transfers to be safe without any conflicts between pedestrians and vehicles movement.  
One of the main advantages of intermodal transit is that the provided diversity of the system and the offered 
services allow different modes to satisfy different travel needs. However, passengers resist transferring because of 
the provoked interruption in their travel that causes them some delay, the need for orientation and walking between 
vehicles of different lines and modes, which adds to the delay, but also often reduces their safety. Physical 
integration aims to plan the system carefully through good station design, convenient walking paths and station 
amenities in order to speed up and secure transfers, improve accessibility towards and inside the intermodal transit 
system for all traveler groups, facilitate the users’ movement and minimize the discontinuities inside the system.  
2.4. Application of transit integration 
Integration is typically applicable in cases where the current transit network changes and incorporates new routes, 
lines or even new modes operated by the one or more agencies. It is required especially when physical changes take 
place and when long-term transit incentives are introduced, such as the construction of new rapid transit 
539 Klotildi Saliara /  Transportation Research Procedia  4 ( 2014 )  535 – 552 
infrastructure. It is also possible to apply integration at several levels without the system necessarily undertaking any 
physical changes; that is when the network’s function becomes more complex because of the involvement of 
multiple operators. It is then essential to secure all stakeholders’ commitment and the livelihood of the system. 
In other cases, integration is a crucial measure to ensure performance optimization, when the services have been 
downgraded or and the role of transit is weakened. In urban environments that are characterized by car-oriented 
development and high dependency on private transport, transit integration functions as part of a broader strategy that 
aims to incite a modal shift towards efficient and sustainable means of transportation. Often, the car dominance 
reveals the weaknesses of public transport and reflects the levels of satisfaction regarding the quality of the transit 
services. “The most obvious, most measurable and most comparable index of success in urban public transport is 
ridership growth. Passenger levels directly reflect the consumer’s satisfaction with the service offered” (Pucher & 
Kurth, 1996). Then, it is necessary to implement measures together with transit integration that improve public 
transport and lead to balanced transportation systems. 
The current paper focuses on the case study of Thessaloniki, where integration is required for several reasons. 
Thessaloniki’s transit is about to embrace a new mode, the metro, and the physical changes derived from the 
construction of its infrastructure will transform the current network from a bus to a bimodal system operated by 
different agencies. Further, the city is characterized by high car-dependency and a low, constantly decreasing 
unattractive profile of transit. It is therefore necessary to apply integration measures to increase the service quality of 
the newly formed public transport network, ensure the cooperation of the involved operators and promote it as a 
strong unified attractive alternative, compatible to the car in order to achieve a modal shift towards a balanced 
intermodal transportation system.   
3.  The case study of Thessaloniki: an overview of the city 
Thessaloniki is the second largest city in Greece with a population in the metropolitan area of 1,006,730 residents 
in an area of 1,455.62 km2, according to the 2011 census. Its population density, according to the National 
Statistical Service of Greece, is very high, especially in the city center, at 20,429 inh./km2, with an average 8,000 
inh./km2 in the periurban zone, and a metropolitan area average of 971 inh./km2.  
 
 
Fig. 2. Three-dimensional map of Thessaloniki's Prefecture: (Lamprinos, 2003). 
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Fig. 3. Location of Thessaloniki: Adapted from (D.Tsirigoti & A.Lagarias, 2007) and (Wikimedia Foundation Inc., 2014). 
 
Fig. 4. Population density for the year 2001: (D.Tsirigoti & A.Lagarias, 2007). 
The Thessaloniki Urban Area is flanked by the Thermaic Gulf on the south and a mountainous terrain on the 
north. Because of its topology, the city center is physically constricted in the plain terrain along the coast, with an 
abruptly elevated upper city, connected to the Suburban Forest “Seih-Sou”, limiting the road network and the 
connection between east and west urban areas.  
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The city is a major economic, industrial, commercial and political center and also the capital of the Central 
Macedonian Periphery, as well as of the Macedonia and Thrace Region. Along its two main poles to the east and 
west, the city continues to expand beyond the industrial areas to the west, and the international airport, commercial 
and business hubs, as well as agricultural land to the east. The center of the city is home to the municipality, the 
historical center, the Aristotle and the Macedonia University campuses, as well as numerous other educational, 
administrative and service institutions, and is, as such, the principal attraction point and an active mixed-use city. 
3.1. Traffic data   
It is estimated that at least 2,000,000 trips are produced in Thessaloniki per day (Delivopoulos & et.al., 2009), 
with 25% of that traffic taking place in the city center. According to the latest traffic study in Thessaloniki, the 
modal share reveals the dominance of private transport with a simultaneous reduction of transit share dropping from 
34% in 1988 to 27% in 1998 and 25% in 2008. Daily, around 94,500 vehicles cross the main arterials of the city 
with an average peak-hour speed in the center of about 6 km/h. An important share of the congestion is provoked by 
cruising traffic, i.e. vehicles that are searching for a parking spot and lasts on average 15 minutes. According to the 
study of SASTH†, the private transport has increased by 70% the last years, and only in two out of ten vehicles the 
vehicle occupancy is higher than one person (on average 1.1 persons/vehicle).  
 
 
 
Fig.5.(a)Modalsplit:(TrafficStudy1998;HellenicStatisticalAuthority,2007);(b)CarownershipinthePeripheryofThessaloniki:
(Arbanitozisi,2007).
3.2. Thessaloniki’s transportation system  
The public transport network in Thessaloniki consists of a bus system and 2 suburban railway lines, with the 
eventual addition of the metro system currently under construction.  
 
 
 
 
† SASTH stands for the Greek initials of “Thessaloniki's Integrated Transport Authority”. 
Cars per person 
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The bus system is operated by “OASTH”, the Organization of Urban Transportation of Thessaloniki. OASTH is 
a legal entity with private interest, founded in 1957 to operate transit in the province of Thessaloniki, based on 
conducted financial concession agreements between the Greek government and the organization. According to the 
signed terms, OASTH is the exclusive operator of transit services in the Periphery of Thessaloniki until the 
completion of the metro constructions. Its capital is divided into 415 shares, 346 of which are distributed among 
1900 small bus owners, 26 are owned by KTEL, 22 by OASTH workers’ cooperation and 21 by the legal 
department of OASTH. It owns in total 604 serviceable buses with 530 of them operating daily on 75 available bus 
routes regularly, carrying 180,000,000 passengers per year. The bus network consists of urban and suburban lines 
that serve the entire Thessaloniki Metropolitan Area in a radius of 50 kilometers from the city center with about 
2000 stops in a total system length of 970.000km. 
  
Fig.6.ThecurrenturbanbusnetworkofThessaloniki:(OASTH,2014).
“Proastiakos” is the name of the suburban rail operated by TrainOSE, an independent state-owned railway 
company in Greece and formerly subsidiary of the Hellenic Railways Organization (OSE). The trains operate as 
electric multiple units on the electrified lines of OSE with capacity of 310 seats per unit serving two routes.  
Thessaloniki’s metro shares many similarities with the Copenhagen Metro, as well as with the Docklands line of 
London. It will operate with the use of 18 driverless vehicles, of the AnsaldoBreda Driverless Metro type, and a 
capacity of at least 450 passengers, using a standard track gauge of 1.435 mm. It will be operated by Attiko Metro 
S.A., a state company that implemented the development of Athens Metro network.  The constructions are divided 
into three phases, with the first initiated in June 2006 from the railway terminal of OSE. The basic line of 9.6 
kilometers was first planned to operate in October 2012, but the construction is not expected to be complete before 
November 2016 according to Attiko Metro S.A. 
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Fig. 7. The total metro network after the completion of all construction works: (Attiko Metro S.A., 2014). 
The basic line will connect the east to the west side of the city with two twin single track tunnels of one direction 
with 13 platform stations and a depot covering a surface of 50,000 sq. meters at the southeast end of the line, in 
Pylea (Votsi). The project also provides five “Park and Ride” stations with a total capacity of 3,700 parking spots. 
The future expansions will include connections to the Southeast, Northwest and to the airport. 
     Table 2. Description of the three metro construction phases (Attiko Metro S.A., 2014). 
Phase 1 Phase 2 Phase 3 
1 line of 9.6km In total 19.6km   In total 31.6km 
2 underground tunnels 3 extensions (Kalamaria, 
Efkarpia, Stavroupoli) 
4 extensions (Stavroupoli, 
Efkarpia, Evosmos, 
Macedonia International 
Airport) 
12 stations 10 more stations 12 more stations 
1 depot 1 P+R facility  
5 P+R facilities   
 
4. Transit integration in Thessaloniki 
The present case study of Thessaloniki identifies the planning gap existing at the time of writing between the 
proposed (defined and fixed) metro lines, and the bus system they will partially replace. Integration should happen 
at all the above mentioned levels, but this paper handles the only one currently at hand: the integration of the transit 
system layout. Taking the metro system as a fixed constant, the bus network is proposed to be adapted to the new 
situation, as its routes and operation are flexible, and changes, even at system level, can be implemented without 
much effort. The new integrated layout must optimize transit availability, improve the access to the system and 
attraction zones, maximize the area coverage and increase the efficiency of transit services. Further levels of 
integration are as important and should follow in due time.  
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,  
Fig. 8. The road network of Thessaloniki's Metropolitan Area: (OpenStreetMap Foundation, 2011). 
4.1. Analysis of the current network layout  
At a first-level analysis of the bus network, the vast majority of lines cross the city center through three main 
corridors: Egnatia, Tsimiski and Mitropoleos Street. The network is developed linearly with very few feeders 
establishing mostly radial and diametral connections through the center.  These lines start as heavily traveled trunk 
lines in the city center and continue as branches that provide direct service from the trunk in outward directions. 
Other types of lines are rare and connections between areas without crossing of the center (tangential, 
circumferential, circle or ring lines) are very limited. Even though terminals and transfer stations (e.g. IKEA, 
Macedonia, Stavroupolis) have been relocated outside of the center as an attempt for improvement of the structure 
and relief of the oversaturated city center, the majority of the lines still cross the central areas and only few suburban 
bus lines function as feeders to the urban bus lines. Directly related to the long routes is an increase in travel times 
and long detours.  
 
 
Fig. 9. Bus lines in the main central road axes: (Basbas & Taxiltaris, 2001). 
The metro system also connects the east and west side of Thessaloniki through its center with diametrical and 
radial lines with no current anticipation of bus lines functioning as direct feeders to them. The rapid transit is 
intentionally planned along the overloaded and saturated corridors in order to serve high demand connections with 
high quality (see Fig. 11). It is also a solution to the congested traffic conditions that strongly influence the street 
transit quality, as it will operate on a separate right-of-way (ROW). With the current network layout, the two modes 
offer dense services in the same axes and operate parallel to each other. In combination, the two systems follow a 
linear form with no feeders or perpendicular connections for interchanging between lines and modes, and no 
hierarchical structure. 
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Fig. 10. Thessaloniki’s urban transit network: (Processed and adapted from OASTH, 2014). 
 
Fig. 11. Direct competition of parallel bus and metro lines in the current network (own work). 
To assess the area coverage of the bimodal transit network, walking distances around the stops must be analyzed. 
According to Bandi, the decrease in transit ridership with access-distance is more rapid for street transit modes than 
the metro due to the higher level of service the latter offers (Vuchic, 2005). Therefore, for the bus system, the 
walking distance around the stops is set to radii of 300 meters, while for the metro the distance is increased to 500 
meters (see Fig. 12 and Fig. 13.)  
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An overlap of the current and future networks reveals a clear redundancy not only in the lines and corridors 
served, but also in the coverage areas of both bus and metro. Such a configuration not only reflects the absence of 
cooperation between systems, but this overlapping is highly expected to create confusion rather than increase the 
capacity effectively for the total transit network. According to Vuchic (2005), too much overlapping leads to weak 
image and passenger confusion, which prevents many potential passengers from using the system. The parallel 
operation of the two modes is directly related to highly competitive rather than complementary operation of the 
modes, with high risks of downgrading the services and role of the bus system, especially, as its performance 
depends on mixed traffic conditions. Currently, the buses’ vehicle occupancy does not exceed 35% on average 
(SASTH, 2003) and competition with the metro system could result in further reduction of bus ridership. 
 
 
Fig. 12. Area coverage of the bus network (300m radii): (own work). 
 
Fig. 13. Area coverage of the metro network (500m radii): (own work). 
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The independent, parallel linear form of the two modes with no feeder lines or interchanges, the excessive 
duplication of lines and the lack of hierarchical structure indicate the need for planning an integrated layout to 
enhance the complementary functionality of the metro and bus systems. 
4.2. Planning the new transit network 
The main proposed concept for Thessaloniki is to create a “fishbone” network with the metro being the 
“backbone” that provides the trunk lines of the system with the highest performance characteristics. The bus lines 
function as branches and feeders increasing the area coverage and operating as a complement to rapid transit.  
On establishing the role and hierarchy of both modes, the natural and strongest operational characteristics of each 
are considered for the benefit of a high-quality network. As the metro corridors help alleviate congestion from main 
corridors, substituting the bus trunk lines in corridors of high demand and density, it handles the system’s highest 
passenger volumes and takes the first place in the system hierarchy. The bus then assumes the role of a complement, 
with a condensed network of links not redundant to the metro, but completing the coverage and providing some 
direct routes not served by the metro, while serving as a feeder-distributor mode to the main trunk lines. In order to 
accommodate the diverse possibilities and functions of the bus network, the mode itself is subdivided into three 
subsystems: a “Metro-Bus”, a “Neighborhood-Bus”, and a possible additional “Suburban-Bus.” 
 
 
Fig. 14. Conceptual development of the transit network in alignment with the new hierarchy, the urban structure and the land use plan (own 
work). 
In its four hierarchical sub-systems, the metro forms the high-capacity backbone thanks to its separate ROW and 
its layout along the city’s main corridor. A secondary network of “Metro-Bus” provides fast and direct urban 
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connections between areas of high population and activity densities where the metro is not present‡ , mostly 
following direct perpendicular lines to the metro trunks. The “Neighborhood-Bus” subsystem focuses on local 
connections, with longer lines along more complex routes (generally shorter and often loop-lines), but having the 
highest permeability and thus helping achieve full system coverage. In comparison to the superior “Metro-Bus”, 
which runs in main roads of higher capacity and speed, this third level subsystem establishes connections within and 
between neighborhoods on slower local roads either inaccessible or impractical for higher-capacity lines and 
vehicles due to the street network layout or topological barriers. This manner of nested hierarchy makes sure that the 
areas not covered by a superior system are satisfied through the coverage of the subsequent ones. 
This multi-modality, however, creates various resistance points at their connection points, which should be 
handled separately. In general, all subsystems must connect to a higher level at least once, independently of which 
modes are interconnected and whether the connection is between two levels successive or not to each other.  
Detailed network planning takes into account not only the current land-use patterns, but also the future 
development axes of the urban structure. In this specific case, the alignment should be with the master plan of the 
Thessaloniki Metropolitan Area, developed by the Organization of Urban Planning and Environmental Protection of 
Thessaloniki (ORTHE) and presented in April, 2011. The master plan sets in the long-term lines and  principles for 
the integrated, strategic planning of land use and transportation in the metropolitan area up to the year 2020 and 
signifies development axes and principles for the enhancement of livability and sustainability of Thessaloniki. 
 
 
Fig. 15. The New Proposed Intermodal Transit Network of Thessaloniki (own work). 
The resulting proposal follows the current street network of Thessaloniki in accordance to the defined plans for 
the layout of the metro system, and is shown in Fig. 15 and Fig. 16. The first level of the “Metro-Bus” urban 
network consists of 23 lines (see Fig. 17) that connect to the metro by intersecting it or terminating at its lines. The 
 
 
 
 
‡ “Metro-Bus” lines can also be thought as a substitute for metro lines under construction in order to serve existing demand, as well as to 
encourage and increase ridership. 
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connections have mainly open line-routes, i.e. they are open lines that terminate usually at one of their ends at bus or 
intermodal stations, and operate in both directions. Routes are relatively long and they operate on streets with high 
geometrical characteristics, while in some cases they run partially or totally on bus lanes separated by mixed traffic 
using mainly articulated buses that operate frequently. The frequencies of this level are expected to vary between 
peaks and off-peaks and generally the set range fluctuates between 5 and 15 minutes. 
The 18 lines of the second “Neighborhood-Bus” level (see Fig. 18) are in their majority loop lines that intersect 
and interconnect at least at one point with higher levels of the transit network. This level operates on smaller streets 
and typically in mixed traffic with longer detours to ensure all possible and desired connections. As it often connects 
areas that are developed as dense urban structures with narrow streets, the use of articulated buses is limited to few 
exceptional cases, while most commonly single bus vehicles are preferred with operation speeds much lower than 
those of the first level.  The buses hold their operation, in order to adjust to the determined schedules and 
frequencies, at terminal stations that correspond to the needs of this level in particular, but also in some cases they 
share intermodal terminals with other hierarchical levels, mainly of the bus network. The frequencies of this level 
also vary according to the time of day between 10 and 20 minutes, but it is expected for them to vary according to 
importance of the line. 
 
 
Fig. 16. The two levels of the urban bus network in Thessaloniki (own work). 
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Fig. 17. The lines of the first level urban bus network (own work). 
 
Fig. 18. The lines of the second level urban bus network (own work). 
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5. Conclusions 
As the city of Thessaloniki does not currently count with an effective and capable mass-transportation system to 
displace car dominance and, as a consequence, to diminish the many congestion-related problems, the new metro 
system represents a golden opportunity to steer the city’s mobility into a more sustainable way. For this to take 
place, an attractive alternative, embodied in a single public-transport option must be planned and implemented. One 
of the challenges of such a system lies in presenting a simple face to the passenger in terms of connectivity, fare, 
schedule and intermodal connectivity. The first possible effort in this direction, once the metro lines and disposition 
have been decided, consists in the integration of the secondary mode layout, which is the present focus. 
The resulting “fishbone” network concept results in an increased coverage area by complementing the trunk 
metro line with perpendicular bus branches. It has a simplified functional structure which is both simple to operate 
and, for the passenger, easy to remember. Parallel routes are avoided in the most part, although some bus lines are 
allowed to run parallel to the metro for a maximum of 3 metro stations. Such a layered system also allows for a 
more reliable operation, as delays are not propagated along a same line, route or mode.    
As the construction of the metro system progresses, the definition of the remaining levels of integration will need 
to take place. In this sense, an organizational integration is expected among the operating authorities to decide upon 
fares and frequencies, and an operational integration will take place once these schedules have been drafted. 
Information services should be tailored to the user at the many interfaces which are possible today, and should 
provide and present a single, seamless trip from start to end. The physical integration at stops and transfer points 
could already be determined or defined as standards towards the completion of the system. Also to be considered are 
the adaptations of the road network for the prioritization of bus lines, which should begin as soon as these have been 
finally decided. 
Still there is much more to do in the grand scope of displacing the car as the dominant mode in Thessaloniki. 
Parking management, for example is one of the most urgent measures, as the so-called “passive congestion” has 
taken over every street in the city center. Without a real public transport alternative, however, these policies are 
difficult to implement and enforce, as it is, in the end, a necessity more than a choice for the user today to use 
private vehicles for most of trips. 
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